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imm) must, 

mm i m±.K&&iiftt=mL<mnmt}*z>-?*>? 
t. 

mmmnzm^timmmmmt. zm 
mm i m±\z&mixtzm®wumM* 

&m^w&*zmmmM-tz%i<»mt. m 
*mmx-t>vxmm&fr%mfc&tz.n2m% 
t ^^tmmm.^mmmtmmmm^ 
mm^mm 2 <m&h\z%m\mm *u m 

mms: m&<mmt£mm#mt. Ga x 

I n y Al z Bi- x -y-2 N (O^x, y, z, x 

+y+zsn x-&&zix&ztzimt-tz>tt*&i 
Kmmi\^*m#m*i!>zwm*m2 izm,® 

inm4) tm?xt& mmvg±\z. =m 
wmiomt. 

m,-r^ommm^ixfm^mm±m^ 
tu KjiavT. * <D^\z^xtmffijm&tz>% 3 

©g<b&*«*g&*. 

[gi*a5] nifg±izmi<?)mnm%*i>-?x9 
m.-?** zmhm 1 M±izs.i\Mitm i m» 



(2) 4^82 0 0 0- 2 1 789 
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[0001] 

c$<mteizm\^<t£mm#Mm&Lxm 

[0002] 

(LED) ^>^fl:p— !f (LD) ffl© 
10 W&tLX, GaNfcJil^ti^^b^fe^ 

flams a*vcn*. jj2©g<b4^b£W&fl#tf; 
&mt bx^Tjrmtf&tj&Km^tixts 

[ 0 0 0 3 ] r 4 7^ S i CSffi±lCG a N fctt £ 

T, %®£M%ffi&& (MOCVD) ^fit>#<MVN 
WlTH*. M0CVD£lCJ:»J-*:77'f7£©£8Ul 
ICG a N fcttCftfct£gM^fb£4^fl]f&J§yfc 
20 #igfi©J«S*^riB«:aS (lOOOTJRt) 

to 0 0 4 j -t -mzm^tft&tmmtti 0 

0 o^^oisrc^b^ft^^^SS^t* 

ttf»C, 5 0 0~6 0 0TCgg©ffijaT^fiiLh»CAlNX 

«g a N*»&j*6iy 7 rB&fmt&m&m^ti 

[0 0 0 5] L*U M?®J&H0lBil8lC£Vvr. 

30 &-m**<ii*z&&btz£,imf&2ti> zHbaaam 

®nm>&&XMm5mx£&2ixi,. V77J7& 
m±^mmm^mmmo)mx\mi o« ~ 

TV**. t*oT, £*ie>©isnE&& ttfbHsMatii 

[0 0 0 6] dv!T% £#&*lCi3tt.5£©£fl;B#£$ 
40 ASttSJBftlCowt. 01 QSr^LTSWitS. 0 
19 (a) lC*tJ;-MC, W&$m§mzl3^X. OA 

m&yfMzmztte. z.<Dt%> 
mt£.&te^mti:%mtz>ztitx'%tj:\,\ 
mm. @i9 (b) \zmt*$\z. £,®£#.\z£>)n 
mm&vz. &&mizxvm&m%mtz>z. 

t\tX'^ii)\ 1 x 1 08 cm-2ZX'm'P21kZ<Dim 
RXlbZ. ttz. 019 (c) IZijktWZ. mVWk 

itmmmtomimabx^ zvmmm 

50 ~ 1 0 11 c m-2(D«fi*«#i3E-r-5 3 IC«:5>. 



3 

to o o 7] ■mm.oy^mmm^mm^^ 
(i) &smmm\mtmite^mm\& 
k©k*- (*^>J7) wwm<s *-)\>mm>h 
[ooos] ( 2 ) *§£§*R5&g©i£v smc®m&fo 

&0mm&Lxmts£m&*#FW& <mq 

[0009] (4) ^yh©#fc£*y, 

*u zmmtimztmrn e *. 

(6) SS^MaS^CMg^OK-A^h^ ffi® 

[ooio] Rhoie><fcKSfc«j:»j, m^owmt 

[0 0 1 1] Sft«l*fb^* i N»«aO*-CWc I 

n g a a i N*«, mm$ttim&mt vxnm 

[0 0 12] 

[«W*mtJ:^i:t*aiS] 3CD«fce>tCti£3(5, Oft 

[0 0 13] ±IB©*«S:#*LT«anfc 
=fc©T\ *©Btti:*.5i:35li, m. mm, * 

a. - 7ft(DKm%&xm%m.< . m&w 
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[0014] 

[g8a«:jKfc**£»©3Ma] JtfBBW£iifiS1-*fc*t> 

mmm&$toK.mt&mfflLZiit&m 1 ©> 

fe^2©ffi«i:&^tf^b^fb^ i l i «f*Si:, S8IB 

[ooi5] ffimmm*m& gmmizmtmz 

[0 0 16] *«W©H*«3JC^S«3yR?l4. Sgl 

mt. &smiB±izmt<titcim<DmQmiit& 
•7^t. tm?z>?±izmtfi2tu msrr^f<DHM 
mmmc>mt&2'2<DimttmMzis^xw& 
owam&iimzm&t&mm&tttzmim. 
mts tmpmmx&^ximMtt^imztit:. 
mi<m&t*t;timmmismmmt. mm. 
im?hit^mmm<Dmm 2 ©mtcjgjtwicjg 
jfcsn. wmM3X'-*>Mv*iii\tzmM£z& 

[0 0 17] JJffll^l ®^f**»*SV*«ll*8 

m, tozvyyt-royptti < 1 1 ^©#h&wc 

WC, 1 0 0 0Xl&±<DT5UX!ttZ&K*^%mX'& 

[0 0 18] Stic, KfSJSS 1 JSli. A 1 GaN, In 
GaN, A IN, GaN, fc£tf3ft£©*J*KCBfc» 
ftlUfetm. Si, SiC, -*77-fTfc.t:tfc:*ie>© 

[0019] v^^©«a©g8pawi, Mjsswjc^aa 

[0 0 2 0] se>fc, tt^^^eDttEtHROHPflt 
ii, Kiagft^t^i^^S© a Mi< 1 1 - 2 o> 

tm.i5Uz* v<74zmzteti&itt>z.tim* l 

[0 0 2 1 ] #IJ3»©#KjsttS, 0yAJJ <1 1 

[0 0 2 2] s e>fc mmm&itmmmm 

IBgaefiO^SA^ 1 03 ^Ml 07 cm-2T-fe€>3 

[0023]$ e>tc, ir^jbfe^fc^&^^Sfct 



5 

cMm$#s mm 2 ammmg 3 mm±\z# 

tetzztim* U\ 

1 0 0 2 4 ] s e>tc KiiBvx^±oS{b^ft^¥ 
£. 

[0 0 2 5] t!FiBgM^t£&3M9ft«tt. G a x 
I n y Al z Bj-x-y-z N (O^x. y, z, x 
+ y + zSl) X'm&Ztl&ZtffmtbW 
[0026] fSIBv**tt, S5f2£ 1 «±»C =««fe 

tat. m.-7^<omsmmiBxiftimmm±iz 
zmsommt. mm 3 mm&m&LZix ttnse 

[0027] KfBlfliJgtt, *(D$ffiicmmzmi< 

tit~mio>m*:i;u rnismLnmnimizim-? 
xm&imm^mmwmm^mm^ii^ \z 

[0 0 2 8] ItilBV^^Oitffa^ROBBPSP*^ 

■frnzimzt^ ifflnwM&N. msmaama® 

*ft£44^fl«©&*?aS*: ant L&tt*. 
-l^w/p-an/asgll £J:tf 
(p-w) /p-an/as£l% 

[0029] t&mossm. 1 3 
m^o^rnmit. &im±.\zm.<mumM*i>v 

tiz.tzm.t-tz. msrrx>?&m*z>jM& sir 
&m.\m&*mwm-m® a ® <i 1-20 tm 

m^tiztmtu\ 

[oo3o] m&itmitismmmttmtzx 
m*. ffiivz?<Dm\z®vxmtzmjm&? 
zmzz%tzmzimtz>z : ry7z$tjztm* 

[003 1] ItJfB&lJgtt. AlGaN, InGaN, 
A IN, GaN, fcJ:tf3ft£©*miCB£^Uc# 
14. Si. SiC, "9-7T-f7J3J:U ! 3tve>0i»SK© 
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[0032] *mx-& mmitewmiffit:* 

«±(CG a N-fcG a A 1 N^^Sib^^ft^fe^ 
filets lS±»C^t*S^, £l«±»Crt*it9<Z> 

x. xit^wrMMbxim^m. mwm 
&<D®m ,< ~&zk&*x\ tf&tmmtiftz>. friz. 

[0 0 3 3] ^T^JllS.&OmS. 02O»C^SEM 

imo^\z* i$mmo>wzimmm.vz>i>\ 
&mit%&vxmtiifimimizm}iiftx^£ z t 
jb^e.. w&^vzm.t&Kt&^m.tzmtzz 
ttfxzz. *lt, v amnsmzmizmiR? 
zzt\z**L nmm&mzi 03 ~i oi cm -2tc 
qmtzztim&t*z>. ^T^m&zw&z-ttz 
tzMzm L^-?xtr t lt, mivmmma afs 

< 1 1 - 2 0> iiggCfrlnHC^ >ttlCJ&£;LfcS i O 

2 •?x>?it-mtLxibvfi 3 fr2>. -rxtomumm 

tt5/tm£tT, «fcy»*L<tt2/tm«T. XttV** 
±t?&. 

[o o 3 4 ] flp%, mm*mm&<DKmz&^ 
t« fflmzmiz&tmtzzt&x 

[0 0 3 5] «S«3&©Jgffi«fcU»)t1-S^bife 

[0 0 3 6] se>fc, ffi5feM^b^^<* w-if<o 

mis. mrnzm&mw)JMteu±.\zii ss? 

-<A<it&nu Y7y*J**<J)ziy#>;zy*im$mz 

t^*mz*z<t*i>tiit.<m&\zii>). m&m&* 
mz[tLtt&. 



7 

[0037] mvm^t$m^ft<D%&£>mfo± 
-ra^icfcy, m&ffitfm±*&*m£±zmi 
ammis mm-, w&tuzm* ±x<Dmm& 

\c*>vz>&sm£ tT©m v u-t-y >^ lt© 
^mmmmmbix. *©*yy 10 

[0 0 3 8] *«^T*ti, -fr^r-fT^SiC* 
fflffc 1 *±!C^t6»fc»i|M!»«*?fe»*t*» 

ttrtftgeHPfliXU^PV (A) fc«t*v**# 

jumicmteft. £©v** *m.hm i s±^is 
[0 0 3 9] %mmm@gx'& -^xmnmix. 

[0040] ah94?rt*-:'tcj:* < ra9tjflvifc 30 

tSfi*-*lRj©*iCL*>3ttf?)*iJ&:Vx. £*UC#U 
*#^;mH^/X*-MCj:€,V*?©*&^ StfrffiJ 

»cat»f sistt©s 3 ^^sfctoaactt^g© 

[0 0 4 1] ^fc^T-^fifcgfc^fc&KW, vx 

^/•c^->©^ia©^iRi?:, ts&tfgkiivzmiv&m 
#© <i - 1 0 o> ^twic-tsrh^asT-fe 
y, z:©©&^cfifc5x7;^^L•^•rv^37?rpl^c^S;s 40 
tfiS-icigftf a. g{fc#^<*© <i - 1 0 o> #r&j 
i: 9 og-f e> Lfcv**/t*->T-©Mtf^ttfiy; 
l«KPFScfe-e. «m©^b#^i*©«EttT-g«:v>. 
BPt>, Sfbft^»©efi«fittc«|gB^&!)W^© 
T', Afcj^HflJB© 1 ?**,** ->T-tt < 1 - 1 0 
0>*l^©*5:«^^f-->y-rS3tT% Mi 

[0 0 4 2] BK€fi^e>-e>MEfiJiS«i:Sft 
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■y-77>f7 (0 0 0 1) cfl5£gfc#y?Acjg©$g 

*&1 6%©&?-*gtf£i;$. ^fi^t 
A* ->©rat^«©Jt$:l^{Ct63 fcT-<Efi#£© 

©#£, t**©*«, JBtt, *ta$ttT#5©v;*2 

[0043]-^, mv&mfttpizs i *if©^«^! 

ffl®<Dltih<&fmaW 1 X 1 0 17 c m"3j«±#ftf 6 

©^fcv>MM^&#f§e>*is. 

[0 04 4] i©ie»»c fim*>2AW>'?x9rt# 

tftu. -e©^mtbT, y, i^m 

[004 5] *«^{cin»^ mvmjt&®& 

(flbt-tf. I n G a A 1 N) o>ii»^t 

*¥&»3HHCfc^T, InGaAlNMO-SPtCeil 
TJMKfcV** S i0 2 ) JrfiP^Kl^an 

TV^8Si§£;a^5tf. 3©:imfi£fcSl*£J#o. 
ifiS:. J6mc«J»1-*. 

[0046] Kfi2E©i d ICflasOG a N*^#:^T- 

«. mtL&^wm^t^fm 

-E-rT**«^©J:e>»C ftffttlflcattStMK: 

©n^tv** (s io 2 ) mMMK.matrt:» 

^Z>£. AW-tfAlGaNli, W&m&tci&ZL-tt- 
lb. 02HC^1-J:e)tC tfefeDJ^K^^tfAS 

[0047] 

[«W©H*fi©^JS3 «T> 49MKQ$l(ft^£HS 

[0 0 4 8] minrntsm) Hi^M3»i, *«w 
©^ i ©ia^tcm>*sfi^^fl*?©«Bife 

B«Ht6fe«®HTf, 01^Of@2ttRffiia 03 tt 

[0049] *h^jst'^ «e*j3iat;*«gijcj:<& 

*«ST. (0001) r -f 

7Sfe±{C^ffi^M^ffi^^ (MOCVD) &KJ:yG 

2K»W»C J:**»-emaL*:G a NM©^^#ttS: 

[0 o 5 o] H l tt. flSKSfci y(fi*LfcS8fb»BM i 



(6) 
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[oo5ij nr. vyr^rmi o±\zm (50 

0~6 0 01C) T-GaNA«/77JIl 2£8H-nmJ*g 

u -eoftics^ag«:ioooTCRj:ic#au ih 

T'GaNBl3©/&Bfctf7. t£#&KJ:Sr©*m& 
«lt <6S/ty77El 2&#AUtv>T% £*ZJ 
^e,G a N«KS®^febWffi«: 1 0 0 owAkam 

x-mzmt* tt-?*«Nr)Wfti 6%tmK*^ 
tzi& &m&tmmt&). wjmm^tittw 10 

T5&XI&&LtcG a NS 1 3 ©MS4fl4li> <B»** 7 
rSi 2©^iga&tf#i^$ic*t<tt#ts. 

&/t5*-*©«8iii«:JSv>Tl/--!f# 

[0 0 5 2] mz. V-yr-iTW&lO^K.GaHAy 
77B 1 2 tithX, &SG a Njf 1 3 

[0053] ^-r. nmm, mmiz^xmzti 

fe-9"7T^7S«10S:, MOCVDgfi©fijS^rttC 
T% ^ffi1?*^S:2 5L/4)-©i!£ST-«Eb^^ 

1 2 o otct-juji owsmfffi^y^yytmu & 

[0054]ftV*T\ -tf-7 7>f 7&K 1 0±lC, GaN 
^7rSl2?:JjfcSigg5 5 0TJT'4m ££4 0 

T7kit#2 0. 5L/#, M^^tUTUT^-T 
#9. 5L/#, TMG (h V **/fctfV 9A) 5:2 5 
cc/#SSLfe. ;Vy77« 1 2£jfcg& g£ 
iS&fcl 2#IST?1 1 OOICKI^SU HOOXXSI 30 
3gUfce>GaN«13fcll$|R||fcgU 2 n m©&£lC 

[0 0 5 5] ft^T, Z\<DZt>lZLXlSbftta6m& 
G a Njg 1 3 KoWC. *7*n X*5W£ 
KJ:$n?*>*-7*©iHffl6©a!l£. *-mm%. 
Ztfitz. $li¥Stt©«&T&^GaN« 
13*mftfc3i:>WfiUk. Xmm&S. 2 a 
renin , *-V'J7igK6Xl Ol6 C m-3 (nS) , 
mm. 5 0 0 c m2 /V • sec i:, t&fcSrC-fftfcbfe 

z (Dtm\z-Di, %t msa# b&mimm (te 

M) iSi&fcBGaNSl 3#©S 

i«£fi*Kl*tt3Xl <>8 cm^T'fc'J, M£T'#$ 
b£G a NJfi: LTttffi<afi3ES®i|gS*We>tlfe. 
[0 0 5 6] ftlC, *|8WC«k4^T'GaNM5:^ 
Lfe«£lCOWt, 02, 03 5rfflV%T3W1-«>. 02 

«^«iiiHT?*&. «r, ifm^mmAmt 

[0 0 5 7] S-f, H3Ca*rj:-5KU -9"77^7g« 50 
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2 0±tC, 1 0 it mOTT'Etl 2 a mOgBPaP 2 1 a Sr 

£*ss i o 2 a^jfcsv** 2 1 fcjias-rs. 

T», r©V^^2lSr^S-9-7r>f7S<g2 0^ t£ 
*i:lfttOMOCVDSI8©5[f5^fc^AU iS^ite 
tCJ:oTiffi»atl6-9-fe7* : 5f±»C|MSLfc. ftvvp, W 

mxTm* 2 5 l/^cd«sst-«1/*;*^, m. 1 2 0 

OtJT'iKjl 0£ia ■9-VA^U-->yftff*\ 

[0 0 5 8] V** 2 1 £^#l,fe-y-77-<7 

S«2 0±fC GaN^y7rM2 2$:^i§S5 5 0 
^T'24MafigKU JPa2 0nm»C^tfe. #IO*T' 
\t&m®**rV7ii*£LXim*2 0. 5L/& 
mti*£LX7>*-7*$. 5L/#, TMG (h 
■J;**;i/#'J7i0 *2 5cc/#iSLfc. 7t» 
77®2 2fcJifc£& £88Sg#l 1 0 OtXfattTH- 

saatu TMG«ites&ioocc/^JtinL/fe. a. 

g#l 10 0riC?!BiLfc&GaNJI2 3£li$iafifeg : 
U 2*m©KJPC7§fcfcbfc. 
[0059] &WC\ 3©J:e>£LT#e>*lfciSffilfc& 
GaNjf2 3»Co^T, ^7*Di^^tfX«anJ#T& 

fctfofe. *©*&&. &!FPfitt©iI«>TffittfcGaN 
£2 3jWe>*U X*Sma*@ttl. 2 arcmin, *irU 
7SS5X 1 0l5cm-3 (n© , *-;i/#lig9 0 0 
cm2 /V • sec fc, ti£*ST*tt^e»*v4:A^feigS3a 

iaa^^ssa (tem) ^^fjofctii. w®m 

G a 2 3 tp(DWm&&mt$S 1X106 c m-2{C 
<g«anTJ3»A «^jST'^UfeGaNM©Sii<£tt 
«S©*&l/10 0T-*ofe. 

[0 0 6 0] WiBoTEMg^tckSi:, Sii^i 

2 5ttS i O2 2 1 ©S«4 J i'lffl5{C©*#aEl/T 

Ji, v** 21 ©gBnas 21 a*^n«i:*»j, v7>^ 

2 l±T?tt5x5;i'fifeS*HBSa*V V** 2 1 Otfcfc 
aPT-#^©SBPa52 1 a^e.5x5^^fibfe#ft*^ 

[0 0 6 1] fc& *HJ^fiiT'^ (ga^t>y7rS2 
2 5:^ -e©±a!JCil;ffi«^GaNjg2 3 5:^bfe 

t-5B§pai2 1 i<mm*$aiffim>^\zj\sii\\% 

[0 0 6 2] 3©«fc7lC#*i©£ffiUCJ:tU£ -9-7T>r 
7S«2 0±tggP2 1 a S i O2 V** 2 1 

5:l3t^ V^^ 2 1 ©IBP 2 1 a £ffllC UTfijg^SG 
a N A 7 7 7® 2 22Kmi§j££G a Njf 2 3 

53 1 ic x Kiteesrv^i' 2 1 ©e^*^©* 
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it*mm&amt »j, mm. mm<Dfo±*it 

[0 0 6 3] fcfc, #£^ffiT*liMOCVDffi£J8^ 
#**»xe***/- (MBE) SS:fflV^Tt.J:V\ 

[0064] (jg2©3»n) 04 ii, *m<m2 

[0 0 6 5] 1?-77-f7S«3 0±»C «|03 laS« 
•teS i O2 *>e>fifc&V** 3 1 tf&f&ZtU 3 
1©8I8P3 1 a£ttMOCVDifelCj:»J<BiaGaN/W 
7 7»3 2jW&*a*VO*S. *LT, V**3 12tt; 

v rjf 3 2±fc»j, 57- i ?M&&*.mm bxry K 

-yGaNTftS3 3*^«a^TV^. 
[0 0 6 6] GaNT«13 3±ICIi, nSGaN3> 
**KM35, ngAlGaN«SS&*Jl3 6, nflJG 
aNftjitt KM 3 7, (MQW) 
•f*InGaN*S§ttJl3 8, pflJGaN)fe*M KM 3 20 
9, pSAlGaN«ii&&AJi4 0, P fGaN3>3( 

* Wg4 1^3©)BT'^J*atlTV>5. 

[0 0 6 7] ±ffi#®fi!&©-fflSli, n!GaN3>* 

* Hg3 5Kg-r5*T'K5-fx^;/^j&C<fcy|$£ 
S*U mZLtey** Mg3 5±(Cnffltfi4 2iM 
J£3*ITV^„ #®#E£Tlfc£a*lfc^ai5#©P 
SGaNn;/** Hf4 l±lCti«SSSE«E^©t»S iO 

2 K4 3 amm^^n, z<os i o 2 bu 3m 

P SGaN=J>^^Kjf4 l±tCpffljmffi4 4*W^S 
*lTV>*>. 30 

[0068] *iu^«®^«cu— !f©5Sg* - 

JB&fgAJi (MOCVD) «5CJ:»JfWl/fc. JgHfe* 
?A (TMG) , h>J;l**7/l'3-9& (TMA) , 

hVtf-MyWJ* (tmi) , east? a*:/*? 
xrAvn^fA (Cp2Mg) ftflw #*JS(**i: 
LT, 7>=t-7 (NH3 ) , 5/9> (S i H 4 ) *E 

tz. 40 

[0069] *r. *7r-fratsso±c msizB 
-n:5*5o*mmiiz3mmm (mom 3 1 a 
asttfcs i o 2 3 1 tjsatt*. 

£®*77473£fi3 0fcMOCVDgR®£JS£* 

MICHAU 1 2 00-c, io»rw-vMU-- 
[0 0 7 0] *we, tt-ftwetts. 5 o ot:tc±# 

U JB&JftftG a NX? 7 r n 3 2 & 3 ^BWtfit*. 
ttwr9~fe7'*&S& 1 1 OOCICjf&U 1100T3 50 
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CBBtbfc** f U 7#*£ LT*S$i£ 2 0. 5 L/ 
7>«B=T*9. 5L/#, TMGSlOOcc/ 

aoaatctft-Fti i mam**, ztaztv* 

2 ft m©7> K-7*G a NTiftJf 3 3 ZG> 
RSL *-fVX* 3 1 OgftbfcftS 1 a*N»b&*IU 
*©#£S i 02 ±T-7T5;i/^^&HBt3n« JjfcfiU 

-7*G a NT*® 3 3 jWgjSSft*. 
[0071] fcHT, S 1 H4 fe 1 0 c cfttiL ^ 
LTn^GaN3>^i'hji3 5 (£$4. 0/tm) & 
^/jfctfe. Ifcvc TMA&6 0 c c/MOtitem. 
S>Z£K*y* nSAlGaN«8gaAS3 6 (£3 
0. 2 5/tm) fcJ0ftt£. 3&lC-f©±fC 7>K- 
7*G a NTtfiS 3 4 fcfll 8©ffcg&ff?, G a N jWf-f 

[0 0 7 2] *©& Stfatt*7 4 0 < C*-effttU 
**U7#*fc#f!tM>gS? OHUO. 5L/#) fC 

TMG©8£Stt9cc/#~£i:U TMI©&& 

i#i40c c /#, 3 0c c/^t^mzmmx* 

ZtlZi:*). InGaN*?gffii3 8?:^Lfe. 3© 
I nGaN^tS5fflf3 8(i, 3*fCDI no.2 Gao.8 N 
(gS2nm) no.05Gao.g5N (f34n 

m) Rg«^e>^S#fifi^#F (MQW) fifjgSr^l- 

[0073] InGaN3W8tt»3 8S^l3tft. S«a 

a^s^i 1 0 oicic#Ha-r£. nesBSB^i 1 o oic 

ICJtbfeft, #^U7^&StX^A^*Sg M2 
0. 5L/^)«^«J»J#iL GaN3t^-fKM3 9, p 
SAlGaN®®jiAS4 0 (£30. 25/tm), p 
SGaNn>^t^KS4 1 (£S0. 3/tm) 3© 
KS^^te. pSAlGaNmaAS4 O^Nr© 
pSK-^>MmCp2Mg©#«SSli, 200c c 
kU pSGaNn>^^h®4 l©fifc^^f©Cp2 M 
g©«*&fi:«5 0cci:bfe. pSIGaNri;/** WI 

4 l©fifcgft, ««^MSm>«*&«:^ltU ^^"V 

>;t#x (8SS2 0. 5L/^> . «s 

*9. 5L/^) <D»t;Sli»tt«mU ^SSaSSrS 
^jSUfc. fiU 7> 5 E-7©#«&Ji, S«SS*^3 

5 0"C£3§l,fcK«Cgltl/fe. 

[0 0 7 4] Ri:0*ffiT'^^tlfc^^^{* U 

ffiS5fim^«i (tem) mm?fctLz.z. mq 

W«5g5:WtS I n G a N^JStt^SPlCli, 

fe. #®K*©eJII£&^S^ *&6X105 cm-2i: 

[0075] ohffltesfc mmz&zv-vmm 
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mmm&u z^<mmm\z^h mqw# 

jg©InGaN&?SH4BtCfc^T, MQW#>gjWK®a 

h ex* (DTmz&mm&ff&LT^z. ztazM 

i>. 

[0 0 7 6] Sfc, IM&Mmmo-®*. nSGaN 

U -f <D±m\ZT i /A 1 nflJSffi4 2 

■T6. $e>tC #JI#i®T^$ftfc^fS#©pSGa 
Nn:/** Hg4 l±{Ctt®i^^®fe*bS i 0 2 ®4 
3 «§JRfi»/£U 3© S i 0 2 Jf4 3 &tfpi!G a 
N=J>** h«4 l±fCpfflK®ffi4 4 fcJ^Ufc. 

[0077] ^c. ±m>w&mirz>2m&mm 

ffi&X,Tz*Ji-)\*.. 3 5 0AmX5 0 0Am©^$tC 
5. SSS4 1 1 nmX-tgfiSMmmzzhffimZft 

tz.. mommmn. 5 v. L&^wm&mt 

1. 5kA/cm2 T'&ofc. 
[0078] tfefej£T-m«UfcG a N*^# 

fe. fiefeffiJcisu-^^tcfcv^ l/-!f»fiWc 

&nt-mnz^T#mfot~£z5. -kmem* 

V\**\ XttpafK-/t>hT*«vy*i/fA CM 

[0079] £*ic»u*aaffl«ctt. jjainatf 

? <mkw>#w* *)#bo %&±\zt* y , * tzmmft 
*®mk<m ioo~ioo o^fcsat. mmtf-m 

[0 0 8 0] fcfc, ^IBHiTttU-ifCrDV^TSW! 
bfetf, #*8imiSfl^^fl^-tf©#&e>?, 58 

A*- h"Ctt, S^©&^HMU^^#t£&£ 

[0 0 8 1] ($30}%IB0|) «3®&»Bffi-?tt. 
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KGaN (2/xm) , XttGaAIN (0. 3*m) 
GaN (2 Am) *jftftL£££J:t3Bti»-&. 
[0 0 8 2] ±iE©g«±fc 1 0 vmtmS i O 
2 V*7£. GaN3lttGaAlNj|®aM<l 1-2 
0> < 1 " 1 0 0> C 2 *t mOPST'* h> 

±{CMOCVDSJC<}:y, 5~5 0 AmOGaNf^ 
J*-f £. -ftfifelJBlCS i o 2 V^Jit^f?^^ 

{©tan, ^^K^cD*s&nii^^ffi¥fflttA^ 
mmmmmt (tem) «g? 

[oo8 3] ioiiicvBttjwwiatu jkhe&s? 
[o o 8 4 ] ^mmitv-mz^xm 

yiALhT'tS. 

[0 0 8 5] f$4lMD H6Ji. *«^®^4 
[0 0 8 6] #£i&£8l©¥3gft U--!f 

OTtcsira-r*. *-r, -9-7r>frss5o±jc si 
o 2 tr i o 2 frmzmmmmtzz yasux^ 

m^t-^^ 5 1 £j£f£?-5. VXi' 5 1 ictt. HatS 
tlTV^V^. g[g0. 5/itm©^PS|l^5 0/tm(aiSI 

[0087] &rf(Di'-^mj-msmmmmoc 

VDfttCiU^bfc. VX^ 5 1 $:J&£Lfc-*-77^ 
7Sfi5 0±»C, GaNA-y77l OarBrf) #2# 
T^^atlS. -e©±aPlC S i Z F-^bfe nSG a N 
3>if^b®5 3 0P£2/im) fe^-TS. Zl©^ 

Arts*- kicimju 3p«tt©jiv^i&w»aa*i*. 

i&vvc, ^o±SPlCS i & K-^LfcW4 0. 2 5 Mm 
©nS!Gao.8 Alo.2 N«S£aA® 54 

[0 0 8 8] ^V\"P, ^3 0. Umffllno.1 Ga 
0.9 N*SSttl5 5fe|j»U -f<0±»CMg%K-^l/ 
fe£S0. 2 5Mm©pSGao.8 Alo. 2 N^eaA 
«56, nSGao.8 Alo.2 N«HWW5 7ftW* 

ymu msmm 5 7©asBc 7* h vv^va 
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m&*m^xffl&}\zxv*>>fti>ismzi.>). 10 
s. 

[0 0 89] ftV>1?, *x/\fc?ftfMOCVDi£g»C$ 
AU S88^M5 7©±lCMg&K-7'U:pl!Ga 

M5 8J&&& >>x^5:M0CVDSS{SA^JS»J{l}t. 
Se>fC pSGaN3;/**WI5 8©Sl££BDlCSi 

0 2 i:Ti0 2 ^e.^4#SK&^»cj:»J«lt*. 

7*hvv#v7<<mj\z*>)£Mmm<o 10 

MttJCjBIU ^l©ffiH^5 9S:#fiJtt*. * 
0±K«$t3ftfcS i 0 2 tT i 0 2 * 
e>fifc*#Mfc (v**) 5l#, £2©ffiWtti:fcS. 
[0 0 9 0] fiiLhO«J:e»»C^J«SnfeU-!fffl#«KO 

nSGaN3>*^M5 3S:»a}$-&T, nffl«ffi6 
0^SW4. -5, P aGaN=i;/**hS5 8±K: 

[0091] RJlCk-JJC^Lfe^ftU-if 20 

bgV%ffiS8&tt9 5mA. W&mtl. 6VT&0 

[0 0 9 2] *H^)SfC«k*iSI8)^^#l/-ifT* 
tt, Si0 2 tTi0 2 *^fifcS#M&&VX* 5 1 it 

s-e*. #g^J!8»cj:y#e>ftfci'-im#M&4'© 
m8&mm& mm 1 o o#© 1 otjc«<j>u 30 
z<msL mvwmm&wm#foh\;tz. 

[0 0 9 3] *fc (JfefeftTtt'^x^ffirt-efifegl, * 
KS£&£A«i: btffiW&G a A 1 NjflC$3WtR£# 

£ tTMV^feS i 0 2 tT i 0 2 S£f* 40 

[0 0 9 4] <&s<»%mm) *m<»%s 

[0 0 9 5] tf. n^>U3>Sffi6 0fCj?$100 
n mOmtitS i 0 2 &6 1 fc, mmpftX-J&m 

©l/^XhVXi'JCtt, 2/tm«)WPSP$:EIPi5 0Am 50 
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y, ±fBOMPfiP©*2/U3>iWbK6lS:li^U HE 
6 1afcJ&dc*S. dtuci-y, 2/yi3>£«60fc& 

DmmiZAtl. S i 0 2 &6 1 

$ i o o ox;-? i oaw©#-v;w y 

[0 0 9 6] £3 2. 0/jm©nIGaN3> 

* * hJI 6 3 tftftU S i 0 2 &6 1 

£0n£GaN3:/*?HI63|j:SiO2 

3 0. 2 5/irafflnSAlGaNS{SaAi64. #3 
0. 1 /im©I no.ffiGao.TCWSttJieS, £$0. 
2 5*tro©paAlGaN«SgixAM6 6, £S0. 3 
Mm©pSGaNn>**hE6 7£Z©J|gT-J#$;* . 
4. 

[009 7] MOCVDSfi^^JRyffibfeft, i/'Jn 
>IHR6 0O«iilCnSaS6 8«:IMl7XMn-«. * 
fe. P MG a N 3 > 9 V YM 6 7 tiM fc3ttft JFC** 

[0098] Rh©*areffi«Lfc««^-f*- kcm 

mmtM*- Ftt. 8»»7r>f 7£«*S i C 
j&tffeS. *3fe. J/ya>«EJt»cff6*i««»«to 

[0 0 9 9] (Sf56©|«Jg) 08 li. #«l$!©£6 

<nmffii&Km>*&toy' ! ?v>rm3. (dbr) u- 
[oioo] t-f. vy-T^rmis o±»cmocvd 

StC J: MHUS a N/<>y 7 8 2 feAftU ^©±115 
fC7> K-^G a NT%S 8 3 fcftJt?«. ^V^T, n 
SGaNn>^^hM84, nSAlGaNmiSSiAM 
8 5, nflJGaN3t3tf>f KM 8 6, (MQ 
W) ffltZUtZ I n G a N^j^ttM 8 7. pfiJG a N 
3t5tf-fKM8 8, pSAlGaNm^tiA®8 9, pS! 
GaNa^^hSgOS: d©«RT'^« b, l/-if tc£> 
H*#MK2:^-r*. 

[oioi] iss^wemfov-^mLtti^m, 
^^>^c«fcyps^cbt^ isscvDjssT-i^tyj/ 

5 i: bT^$ 50nm©SiO 2 K9lS 

K5-fi'y^>^T'|g?*b^i5^tC©». 4 2 
0nmKPS©^h 5 >f^WC, i^iiSOnin©^-^ 
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£«-?• tf- AS^ffiT-ffelfctS. h £ V* * 

KLT. ^yftT^-^AJCTS i O2 R9 1 SH» 

mm mam) 9 1 a Mrtss i o 2 

V** 9 1 fc^tS. 3<Dg«. Z10»9 1 a ICG a 
N3>** Mf84#»ffl$*l4. 
[0 10 2] JOX^CDStR^tJfMOCVDiS 
ft*IC9U y>K-y©G a NM9 2&1 OOnm® 
&i<\Z&!m2ltZ>. r®GaN®9 2tt^«)VX^T- 

*-f$. ngGaNS84£nSAlGaNJI8 5<Z># 

pSG a N«9 0©±ICp§Smif 9 4***1**1^ 

[0 10 3] Zt>LTmLtc*mftl'-y ! tm&A 
4 2 0 nm0%kiZ%.{b,ibbtz U— 
StST'tfc. GaN$Sft9 2(Z>{RISICttv 4 2 0nm 
$Jffl©Si02 ©XS^^C/V**^ l*^RSt5fc 

l!^rtK:Aofe4 2 0nm«^!>«S«:i#ofc)fe 
l^£$y>gl/CVKdfcfc*igl/0*<. 3©£ 

^7mMAW& l T#o fcG a N T'feS ©T*, 
fc£©*P6*^fcV>iS.&B©«»CfcoTV*S. 
[0 10 4] U-if^Jg&fcJfcgtStflC, 4 
2 0 nm$J8©S i O2 * h5-( ^fc^Lffctttf. 

ra«o*ax'fgtts©T^»4 2 0 nmomm** 
&D#mm (dfb) u-!ftffijw*st%»^iii 

[0 1 0 5] &±* ±MB$17bgmso>?$8mC'\i. 

T. ±KSi02 ^TiC^ fcffiV>fe#£lCo^T3il8 
Ufetf, S i 0 2 , T i 0 2 ©ffifC Sfl2teMfc£1i# 

mftojmmre&z 1 o o o*cRi:©sg"e»Att«: 

*U MtbTIn2 O3, TIN, A IN, SiN x , 
WN X ^*We>tl-5. 10 0 Omh©*** 

[0 10 6] &«*^^fl^©avvfcm?:v;**# 
[0 10 7] *fe, jS^SfflivW^^tut 

«v^«^yyb%»*«. wttt. fflBSft***y7# 

i:LT«^ttOJSv^©S:ffiv>53hfc«ty. SfcgUc 
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y. *?«eEH9tt«ftjf®AMw%6. 

[010 8] Ok©<fc3»c, *f*DW»ttS*Lfcv* 

[010 9] Jbf&GlB^lttfeJIlfiff&LT. 
*7T-fT, Si«Eftfl|IC#tffc3W. 3©ffi»CSiC 

^>m g a 1 2 04 «0&tE*jgvt&::fcfc-?&&. 

[0 110] S&K, #«IBttg{|^<t#8##ft5: 
10 8v>£3£ySI*D#fce>-f, mwwaKfcjSB** 
*. WC«ffVM*lCj3V*TI*. jt&£fi^©M.&* 
«^S«)©»Cj:4«attC!>lHLtCJ:y, *YU70# 

[0111] (ftKommm) 09. 01 oii**wi 

tifeWWS. H9tt3B?*Bi»nB& 0lOttv* 
jryx* ->©¥ffi0T&&. 
[0112] @9ica5v\T, 1 0 

20 1 O2l±V*?i:LT0SiO2 JI (0. 3/im) . 1 
0 3tt7>K-:7GaNj§ (3/tm) , 104ttn-G 
aN3>*fl>M (Si K-^, 5X10l8cm-3, 3 
(tm) , 1 0 5»in-A lo.08Ga0.92Ni'5'5' K® 
(SiK-y, lX10l8cm-3, 0. 8#m)> 10 
6ttn-GaN3MS® (Si K-Ti 0. 1/im), 1 

0 7ttn-Alo.2 Gao.8 N=**y 7*--A-7n- 
R&iiJS (S i lX10l8 C m-3, 20nm) , 

1 0 8titStt®T-&.5. fSSJIl 0 8tt. InGaNS 

(7>K-7, I n 0 .2 Gao.8 N, 3nm) ft 
30 5jffc*nft*ttHnGaNIWM (7>F-^. In 
0.05Ga0.95N, 6nm) (SC 
H-MQW) fc&oTl**. 

[0 113] 1 0 9 tip— A 1 0.2 G a 0.8 N 

^■V 'J 7*-^-7D-K?jfcS (M g K-^, 1X10 
18cm-3, 2 0nm), 1 1 0{Jp — G aNSIKjMI (M 
gK-^i 0. litm). 1 1 lttp-Alo.08Ga 
0.02N^7f Kl (Mg K-^, 1 X 1 0l8cm-3, 
0. 8/xm), 1 1 2ttp-GaN3>4H^» (Mg 
K-^, lX10l8cm-3, 0. Bum). 113tiP 
40 t (lOnm) /Ti (2 0nm)/Pt (3 0nm) 
/Au (1 nm) m&<DpQMM. 114ttAl/Ti 
/Au«S5i©n«im 1 1 5ttS i 0 2 Jfi^KT'fe 

ckswcw) ictiT i o 2 /s i o 2 *m\zmL 

[0 114] B9T-^t«3i®5Sg^Efeti. OT©ii»J 
■C**. •b-77'T7S«10 1±lC, 010 

(a) IC^tJ:^{C, CVDST-^b^S i 0 2 Si 
0 2 CAfcJWCBgP L/feV^ Sr^t-S. Z<D S i O 
50 2 v**©HJH»tf:*SS®Jtl*. i^77-<7S«l 0 
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i try k-^g a n 1 o 3<0&^*ii$© i %&rrt 

U &j2tt7>K-:/GaN10 3©<l-l 0 0) # 
CO 1 1 53 &WC\ ^»B8StT'l 2 0 0TC*T'#ia 

LT, &Kffl-*-v;i/?y-->ytSi o 2 v** l 

SS:5 0 0T:*T'P$jaU hU^l/tfU ?A&tf7> 

«CJ:»J, 3#|gGaN£j&g-f-5. it^T, 1 
lOOTCJC^aU lB^^K-^GaNJgl 0 3& 10 

aN^50 OTCT'liM^fC^U 1 1 0 0"ClC#m 
■t63^T'^^R©GaNA^fiKaiX«.. 3 

%ft\z77-5m&&mu i j$ia&jca:¥Jgfc7> 

K-^G a NJg 1 0 3 A^atlS. 

[0116] iysGMca^tf. v**ggngPK8m 

•T6-!J-77>fTS«l 0 1©*®A^X*- hbfc<Efi 
te, V^^10 2©^ffi»C»oT«WratC«tU V* 

ti&LT. mm.mmZ>. GaNJI10 3;&<j£ 20 
k£ GaN«10 3©-^3Ri:©ffi«lCli, V** 

1 o20jg3tfflj±T-*oT : b, mmmttzimt. 

[0 1 1 7 J CVD&Ti&SLfcS i 0 2 Ml 0 

2 *igg?:J$oS i ©*5£££j^<St&fC# 

g<t«^#©ii6g^a«<J:»m 

V^T'7--y>y&<?fc>fcV^ grttf&^ffcfcg 30 
\ZSmttr7y^-7H7.K. J: l J S i N xJIfc&i: tfe^ 
{b#^#* ? S iO 2 I10 2±tC^«iJlC^bT 

[0 118] ftHT\ :*3S*8£i*1*lC n-GaN3 
>**W|104, n-AlGaNi?7*yKSl 0 5, 
n-GaN$jftJil0 6, n-A 1 0 .2 Ga 0 .8 N** 
V7*-*-7U-Wj}kMl 0 7, MQWfgttJflO 
8, P-Alo.2 Gao.8 N*-V'J7*-^-7D-|» 
ifcjfl09, p-GaN&i&Il 1 0, P-AI0.O8G 
a 0 .02Ni'7>vK^l 1 1, p-GaNn^^i' KJfl 40 

1 2zmmf&tz. 

[0 119] &WC\ ±ia#M«ljg©-ait?:ng?GaN 
H>* * 1 0 4 ©3tfl5£T' K^x^>^C«k 
UBfcfcU *»t:7K«U SffiLfenSGaNn^^^ 
hSl 0 4©^ffi(Cnffil«ffil 1 4 fc^tS. 
^©mtSST'&SpaGaN:!;/*? WIl 1 2tC« 
Xh747W.<?)p{m&l 1 3*^?*. £©*§&. 
Sffib^fb^^^Sc^ffittS 1 0 2 M 1 1 5T'g 

[0 12 0] ^XhO^T*^5^gm^4^(*^ 50 
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»tBE8iiS^«8S« (TEM) mZfotctZZ. & 

fiteSti*5iio5 cm-2fli£V^©T-feofe. 
[012 1] ftC, J^©^tt#®BIM^kSx 
A*, WgSS^2 5 0|tmlC&*J:^^y^fcU 

aAS:f?t>fci:i5, i&g4 1 5-4 1 7nmT'gS& 
«BB8#5tl3;**lfc. Sg*©iM£SKIi4 . 8 V± 0. 
3V, L£^^|tffiii8Effig^il. 5~1. 8kA/cm2 
T'&ofe. S&fC <?iArtO9 7%Rh©^?T'10 

ooo^xhc^a^^awsissnfc. ^ 

tz6. mmoymmmm\ti oiicm-zgst . 
m&wimBts. 2v±i. 5v, tsmt 

®5SE8BStt2~5kA/cm2 fctfeo£#*g<, * 

&S3H»BHMm* 500 ^rawrtx-feo fe. 

[0 12 2] 3CD«fc-5IC*|»JSli. V7747&6. 
1 0 l±IC/sfcje«*n**->fc*f*SS i 0 2 
* 1 0 2 fcJ&fcU i©VX^±fCG aNfl 0 3 £7 

©^Pffi©*^ *i&SjS©G aN1103 3 £ 

[0 12 3] fefc, ^»SST'{i, 010 (a) T*B 
l/fe/x^^DgBPy't^-^^-r* S i O2 1 0 

zzm^tK 010 (b) T-B?~ftim>mwi*- 

fctfT'gfc. SfelC 010 (a) X-BLttm** 
->fcS i0 2 ©ftfcLTfflV^^ E38KC01 0 
(b) T*^tfeH^^->S:S 102 ©SflbTM 

[0124] (^8©i»®) 01 ltt. *mio>m 

^tWfS0T'feS. ftfc, 01 1 *©3 0 1-3 1 5tt 
09 #©1 0 1-1 1 5lCffl^LTVxS„ 
[0 12 5] 7&&3 0 l±lCtj, ^1©V^ 

i'ilUT^O. 3/tm©SiO2S3 0 2aAW^S 
tU -e©±»C^3 3/tm©7>K-^'GaNM3 03a 
*^g«a*lTm5. GaNf303 a±KW. ^2©^ 
^.i'ilLT^SO. 3/tm©©S i O2 M3 0 2b*^ 

^sn, * ©±£^s 3 nmory k-^g a N/g3 0 

3b*^fi)t^nTV^6. 

[0 12 6] *l/t. GaN«3 0 3b±»Cli, 5fe©^ 
7©|Q^^i:ll^lC, n-GaN3>^irM30 
4, n-A I0.O8G ao^Ni^y K^3 0 5, n-G 
aN^lift«306, n-Al 0 ,2Gao,8 N^'J7* 
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3 0 7. SCH-MQWfgttJ13 0 U— WC«S8£AfcLfei:£5, i&g4 1 5-4 1 7 n 

8, P-Alo.2 Gao.8 N*ir U7*-A-7n-» mT-£S3i*SI^5iS3tlfc. SSH^DlMfltffifcH. 

it«3 0 9, P -GaN&8Ug3 10. p-Alo.08G 8V±0. 2V. L£V>te®8£8&gttl. 5-1. 6k 

ao.02N^5y KM3 1 1» p-GaNri;/** HI3 A/cm2 t'^t. Se>K, £xA03©9 9%R1:© 

12. P ffi!imfii3 13. nflj«ffi3 14. S i 0 2 ffift m*T- 1 S 0 0 OftVmta&iBfflHfflamS&Zft 

K3 1 sawtfaftxus. fc. 
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»CGaN*:jKj2. 5 a m^LfelUfBil^^S&hJC 
<@fc«Jl. 5Mm<DXh5^^S i02 V3.*£itfj3,it 
mT'IBI|igT% 01 3 (a) £tt90* Hfc*m "*& 
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[0164] ^t^^ftiz-if-T-ii, #mm w is-vam+ftmzixtwm®. 
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